PATENT SPECIFICATION (") 1 482 724 



^ (21) Application No. 24367/75 (22) Filed 6 June 1975 
^ (31) Conventiou Application No. 242«S2i 

(32) Filca 14 June 1974 in 

(33) Federal Republic of Ocrrnany <DT) 
(44) Complete Specification published 10 Aug. 1977 

(51) INTCL' C22C 37/10 

(52) Index at acceptance 

OA 743 748 77X 781 7BY A23Y A241 A243 A24S A247 A249 
A25Y A272 Am A27X A23X A28Y A309 A30y A31 1 
A313 A316 A319 A31X A320 A323 A326 A330 A337 
A339 A33Y A340 A34i A343 A34S A349 A34Y A35Y 
A362 A364 A366 A369 A377 A379 A37Y A381 A383 
A385 A387 A389 A38X A394 A396 A398 A39Y A400 
A402 A40y A41Y A425 A428 A432 A435 A437 A43X 
A44Y A43I A453 A455 A457 A459 A45X A48y A495 
A497 A499 A501 A503 A505 ASOX A5I9 A51Y A52I 
A523 A525 A527 A529 A52X AS33 A$3X A53Y A555 
A557 A5S9 ASSY AS62 A565 AS6X AS87 A589 A58Y 
A591 A593 A59S A59X A609 A«)Y A615 A617 A61X 
A6IY A670 A671 A(>73 A674 A67S A677 A679 A67X 
A681 A683 A68S A686 A687 M88 A689 A68X A693 
A695 A696 A697 A69S A699 
A69X A70X 

(72) IdvcntoTK HORST BEYER and 

hans-jOrgen VEUTGEN 

(54) wear.reststant cast-fron alloy 




(71) We, G0BT2EWERKB FRIED- 
Riai GOETZB AKTIENGESBLL- 
SCHAFT, a Bod>' Ccjposate omnised and 
od&tlng umfcr the Isws of the Fototd Re» 
5 pbJrc of Germany, of BiirgcnncisceN 
Schmldt-Stmse 17, 5763 Bunu^id, Ger« 
many, do hereby dedare the invention, 
which we pray that a patent may be granted 
CO us, and die mediad by which it Is to be 

10 pcrfoymed, to be pardcultirly described in 
and by tJ>e fdlowing statement: — 

The prcscni invention rektes to a wear- 
xtsistant cast iron alloy suitable for Hbt con- 
$tructi<m of midline pms subject to hig}i 

15 fnctionat stresses. 

Machine etements subjected to friction axe 
strongly stressed both with r^ard to wear 
and thcnnaUy, so diac prticularly Us^ 
demesds have to t>c made on their matedok. 

20 Cemtn machine dcmeotB) stich as tl^e piston 
rums of intexnal combusdon engines and the 
sesuung strips of rotary piston engines* are 
funbmnore subjectdl to particularly heavy 
stresses, fixpenenoe has shown diat onty very 

25 espensive maceriab of compJicsnsd manufac* 
turc widmand such high strtsscsw Usually, 
these materiats are sinceml metal carbides, 
to ijdifch very spedfic aUoying elements have 
been added. 

30 The sons of cast iron so far tested, bow- 
ever, cannot be used for these highly Stfessed 
machine ports. It is known that the wear 



lesistancc of cist iron can be inotased by 
the addition of alloying dements. On seJidtE- 
eadon of tl^ cast iron, however, these ele> 35 
ments iozm relatively coarse grains and very 
hard caxbid», which then cause damage, 
aceompanied by scoring, to the contacting 
st»fa€cs. At the ^ame time, caibldc formation 
uses up the greater part of the carbon, so tl^t 40 
these alloys do not contain in their stnicnire . 
the necessary graphite for emcr^ncy nm« 
ning of machine dements. Furthermore, diese 
materials are so britde that diey arc unable 
to withstand mechanical stresses and there- 45 
fore brcalc 

In accordance wiUs the present invention 
them is provided a wear-resistant cast iron 
alloy, suhablc for the construction of mad)ine 
ports subrccc to high fnctlonal sttessesi dse 50 
alloy containing 

IJ to 4.0% by weight of caitxxn 

IJ5 to 6.0% by weight of silicon 

less ^n 0.2% by wti$^c of sulphur 

less duin 2.5% by weight of phosphcrus 55 

IjO to 7.0^ by wei^t of copper 

OA to 3.2% of m'ckcJ and/or 

0.1 to hB% by wdeht of tin lad/m antl- 

a»my 60 
0.1 to 4,07^ by weight of molybdenum 
OA to 4.0% by wdghx of tuni^ten 
0^5 CO 2.5% tsy wv:ight of manganese 



03 to 2.5% by weight of chrtajjium 
03 to 4,0% by wcicht of vditadkm 
0 to 2J)% by wdmx of ticafiium 
0.1 (0 4.0% by we^bt of iklobium and/or 
5 tantalum 

0.1 to Z0% by wdgiit of ahimiDium 

and the rest iKm caccqjt for atmospheric 
nltro^ combined with the metals as a result 
d mclunjj and heat trcatoHmL 

10 This cast iron alloys in ocGozdance with 
the invendon dt^y tmcombkdl carbon as 
lameOar aitd pamaxlfy nwluJaf precipJiatcs. 
Theic are also pitscnt however o ha&c mim** 
bcr of Cdri»de$ in a vtry fine cf jttiUlinc pre- 

15 dpttated lona. 

The sum of Ote demcfits aibon and sUicon 
b the alloys in aiCCOrdanoG wi^ the invention 
Is equal to <^r greater than 3% by i»tight 
and the ratio of sitioosi to carbon Is pteto- 

20 abiy equal to or greater than one. sum 
of the elements nK^ybdenum^ tungsten and 
manganese shodd preferably be betvinxn 02 
and 10% whflc ihc sum of il^ clcnicats 
diromium, vanudiumi tantalum and niobium 

25 should prefen^y be bcrsrocn 1 and 10%. 
In additfon> it has bocn found that for 
refining the form of the indbidual structural 
constitacDts, more particularly that of the 
graphite, and the nicddes (tvl^n present), the 

30 elements boron, bismuth, zirconium, magnes- 
ium tmd/or the rare-eaith mcmb may be 
added, Thdr total concentradon should not, 
hoiipcvcr, eatoeed the value of OJ percent by 
vn!l(ght 

35 By heat treatment above TOD^C, follow^ 
by quenching lor example in air or a salt 
bath to a tenqiexaturc m beloor 500^Q an6 
subscgucnt tempenng up to a tempetatmc of 
/OC^C; ivear redstasce and compatibility widi 

40 the countcr*maiettal are grcatlv iact^ed. 
The alloys according to the tavention have 
a balnidc to manettsidc basic stniciure. The 
graphite jpnxipicate* ait lamellar to nodular, 
the carbide predpimte* at« punctifonn to 

45 spherical The hardness of tfus material at 
HV 5 lies at 550 to 920 kg/niro% The 
material h not brittle and cast sealing strips 
for rotary piston engines arc wear resistance 
and in test runs exhibit vcty good tvear 

50 rcsisiaace with the trodioldal surfaoc of the 
rotary pSstoo eoe^nc. 

The embodiment example describes one of 
dje cast-irott alloys acoording to the inrcntlon. 
The case-Iron mdt comprises the elements 

55 2w2% by weight carbon 

3.9% by wdght silicon 
0.9% by wddit phnsphonis 
0.08% by Wfht sulphur 
1-4% by wci^t copper 

oO 0.6% by weight nidtd 

0.2% weight tin 
IJ% by wsdght molybdenum 
3.4% by weight aingstea 



0.9% by wdght njaitpi^ 
0,4% by wci^t chromium 
1.5% by wd^t vanadium 
0.2% by wd^t titanium 
0,7% by weight niobiian 
0.01% by weight boron 
022% by wdght aluxninhsm 



65 



70 



and the rest iron. 

Alter inoculadon with one of the usual in« 
ocolants, sealing strips for rotary pbton 
engines wen? cast from Hit melt using tl)c 
sand mould casting prooe^ die dimeosiosns of 75 
the strips l«iog 61.03X83X4.95 mm. They 
we then amwalcd for one hour at SSO'Q 
quenched in an oil bath at room temperaixire 
and tempered for one hour at 350^C 

lite scaling strips thus made had an HV 5 SO 
hardness of 644 to 713 l^nun*. In test 
nms^ the scoilng str^ showed vcty good 
wear resistance, whfle the trochoidol tunning 
surfaces were only slightly a£toed« 

Figures 1 to 4 show [^omicrogreyjihs of 85 
die cast-iron alloy of the example. 

Figure 1 is the uneid^d spedmen at a 
magniftcation of x 100, showing the graphite 
in huncUar to tioduhr form. 

Figure 2 is the unctdiod specimen at a 90 
magtdEcation of x500, showing in addition 
to the dark gmnhitc prccipitatcsa the findy 
o^aiUm^ camide ooosdtucDts as light areas 
with a dark edge. 

Figure 3 shows a specimen etched with 95 
HNOz at a magniQcation of x 500 vMch 
diows, in addition to the grap}nte piedpitates 
and ihe crystalline cari)ide constituents, tht 
bainltic to martensitic structure. 

Fip;ur8 4 shows the phosphide euiecdc, 100 
deep^ etched, at a magnilscacioa of x20. 



WHAT m CLAIM 1$:--. 

1. A wear resistant cast iron alloy, suitable 
tcs the ocotsttuction of machine parts subiect 
to high (ricdoaul stresses, die alloy oootahV' 105 
tog 

1.5 10 4X)% by wdght of carbon 
1.5 to 6.0% by wdght of siliom 
las dian 0^% by v^^iuht of sulphur 
less than 2.5% by weight of phosphorus i lO 
1.0 to 7.0% by wdght of copper 
0.4 to 3.2% by wd^t of tddxH and/or 
cobalt 

0.1 to 1.8% by wdght of dn and/or anti- 
mony 115 
0*1 to 4.0% by weight of mdybdcmtm 
0.1 to 4.0% by weight of tungsten 
0.05 to 2.5% by wd^t of mar^ganesc 
0.3 to 2.5% by weight of chrominm 
03 to 4j0% by weight <A vanaditmi 120 
0 to 2.0% by wei^t of titanium 
0.1 to 4.0% tf weight of nt(^um and/or 
tantalum 

0.1 to X0% by wdght of aroffiittium 
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and the rtst iron €5K«pi for atmcsplsenc 
nCarogioi combiited witti tbe metaJs as a re$tdt 
of nteluog and heat ti%a{zDenc 

2« An ijlc>^ OS claimed ia Claim 1 modified 
by tbo iiddluon of up to 0.5% by weight in 
total or Qi$e or taom of i3sc dmicnts boroin 
bi$mucti« itiagDesiuiiig drcooium and vm «dnh 
ntam ; * 

3. An alloy as claimed in Oalm 1 or 2 



which has been subiccted to beat treatment 
by aniKaling above 7D0<^Q qi^cnchtng to belour 
5(K>^C and thm tempering tip to d tempem- 
twc of 70D*C 

REDDIE <t GROSE, 
A^nxB for tbt Appitcants, 
6 Bream's BuUdings^ 
LoBtdon, EC4A IHN. 



10 



w^idi cofdet miy be obudned. 
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